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Buckyprep-M 色谱柱、Buckyprep 等色谱柱，对氯化富勒烯进行了有效的分离。 
通过高效液相色谱法进行了多轮分离，从复杂的氯化富勒烯混合物中分离纯化
得到了具有 C3v 构型的非独立五元环富勒烯氯化物#1911C64Cl4，并通过单晶 X-射线衍
射和质谱对其进行了表征。#1911C64Cl4 具有一组三重直接相连的相邻五元环，其相邻




























Since 1985 when fullerenes were first discovered, IPR-satisfying (IPR: Isolated 
Pentagon Rule) fullerenes have been synthesized and widely applied in various fields. 
However, it is still a challenge for the synthesis, isolation and characterization of non-IPR 
fullerenes. In this contribution, we synthesized two non-IPR fullerenes, namely C64Cl4 
and C56Cl10, via modified graphite arc-discharge process by adding a small amount of 
chlorine (such as Cl2 or CCl4) into the buffer gas. These non-IPR fullerenes were isolated 
from the crude soot using multi-step high performance liquid chromatography (HPLC). 
The structure of purified materials was identified in terms of sigle-crystal X-ray 
diffraction。 
The crude soot synthesized by graphite arc-discharge, was extracted with toluene, 
followed by separation via HPLC. We selected toluene as the mobile phase, because of 
the well solubility of chlorofullerene in toluene. The pyrenebutyric acid bonded silica 
column, Buckyprep-M column and Buckyprep column were adopted for isolation of 
these chlorofullerenes.  
The structure of C3v-#1911C64Cl4 has been established by single-crystal X-ray 
diffraction. C3v-#1911C64Cl4 has a set of triply-directly-fused pentagons, whose fused 
pentagon sites are passivated by chlorines. By comparing the pyramidalization angle of 
the pristine cages and the chlorinated #1911C64, we found the sever decrease of 
pyramidalization angle after chlorination. Meanwhile the π-π interaction of #1911C64Cl4 
molecules is considerable, implying the potential applications in molecular electronics 
because of the easier electron transfer between neighbouring fullerenes in the crystal. 
Besides, we successfully isolated another new non-IPR fullerene #913C56Cl10 by HPLC. 
In order to purify this non-IPR fullerene, four steps of separation were adopted. The 
fundamental studies for non-IPR fullerenes separation would facilitate the further 
investigations on related fullerene materials. 
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及性质的研究受到了极大限制。直到 1990 年，Krätsschmer 和 Huffman 等[4]利
用电阻蒸发石墨的方法，合成得到了克量级的 C60，并且得到了 C60 的 13C 核磁
共振谱，他们首次采用传统化学表征手段确定 C60 为足球状的笼状分子结构，
至此富勒烯的宏量合成才开始发展起来。至今，Krätsschmer 和 Huffman 所创
立的石墨电极电弧放电法仍然是宏量合成富勒烯的主要方法。在 Ih-C60 发现之
后，人们认识到富勒烯笼状碳簇分子理论上具有相当多的异构体，但是实验室











得突破。直到 2000 年，Shinohara [11]和 Dorn[12]两个研究小组才分别独自合成表
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电弧放电形成的等离子体中，电极材料中的碳及掺杂的金属被气化，形成原子
态，同时还可能与气氛中的某些气体如 N2 或 NH3 反应，形成原子簇，一般认
为内嵌富勒烯的形成是由内嵌金属原子簇作为模板形成的。对于内嵌金属氮化






图 1-1 电弧放电法制备内嵌非独立五元环富勒烯装置图 
另外一种合成非独立五元环富勒烯方法为通过形成外接富勒烯衍生物去稳
定这些活泼的物种。早在 1993 年，Kroto 等人预测了 C20、C24、C28、C32、C36
和 C50 能够形成稳定的氢化物[21]。但是直到 2004 年，本组才在实验上真正成功
制备了第一个非独立五元环富勒烯的外接衍生物 C50Cl10，为非独立五元环富勒
烯的合成提供了新的路径[22]。该合成方法基于经典的石墨电弧放电法，在缓冲
氦气氛中加入氯源，如 CCl4 或 Cl2，通过电弧形成活性的氯原子去捕获活泼的
非独立五元环富勒烯，以形成稳定化的氯化非独立五元环富勒烯衍生物。2006
























图 1-2 火焰燃烧法制备非独立五元环富勒烯 
另外经典的化学合成也成功合成制备得到了 C20H20、C62H4、C58F18等几种
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